A FILM record was shown which demonstrated the varying effects of restriction of dietary phenylalanine on three phenylketonuric children. Case L.-A male child whose pre-treatment development quotient (Griffith scale) had already fallen to 29 at the age of 9 months, suffered further deterioration during six months' treatment (development quotient 22 at the age of 15 months). The deterioration continued although the plasma phenylalanine level was reduced to normal, and for a short period to subnormal levels.
These 3 patients illustrate how the effect of treatment may vary with the severity of the case and the age at which treatment is started. It will only be possible to draw valid conclusions about the complete prevention of mental deterioration by means of dietary treatment started in very early infancy when a far greater number of such patients have been really adequately treated. Such treatment must be sufficiently drastic to reduce and maintain the plasma level of phenylalanine at or within normal limits. The elimination of phenylpyruvic acid from the urine (negative ferric chloride test) is not a sufficiently sensitive test to be reliable as the sole criterion of adequate treatment (Hsia et al., 1958) .
The recommendation of Woolf et al. (1958) that all infants should be screened at the age of 4 to 6 weeks to exclude phenylketonuria should be supported. REFERENCES HSIA, D. Y. Y., KNOX, W. E., QUINN, K. V., and PAINE, R. S. (1958) Pediatrics, Springfield, 21, 178 . WOOLF, L. I., GRIFFITH, R., MONCRIEFF, A. A., COATES, S., and DILLISTONE, F. (1958) Arch. Dis. Childh., 33, 31. Hyperbilirubinemia in Premature Infants Treated by Exchange Blood Transfusion By BERYL D. CORNER, M.D., F.R.C.P. THE toxic action of pre-hepatic bilirubin in high concentration in the plasma has now been shown to be the cause of the brain damage that results in the clinical syndrome of kernicterus. Such hyperbilirubinemia occurs in the newborn infant not only as a result of increased haemolysis, as in hmmolytic disease of the newborn, but also commonly in immature infants, and occasionally in those born at full term, without any evidence of blood group incompatibility. Lathe and Walker (1957) have shown that bilirubin is only excreted when conjugated by liver enzyme action to glucuronides, and it is therefore suggested that failure of this normal enzyme activity is responsible for hyperbilirubineemia in these infants.
The dramatic reduction in the incidence of kernicterus due to hmemolytic disease after the routine use of exchange blood transfusion prompted us, in August 1955, to treat severe physiological jaundice in premature infants by the same method, slight modifications having since been introduced in order to obtain maximal removal of bilirubin. 39 premature infants and 5 full-term have now been successfully treated. One adequate exchange, using 80 c.c. blood/lb. body weight, was usually satisfactory, but in 3 babies a second exchange was necessary.
The criteria for treatment have not been easy to determine and still depend to a large The age and maturity of the baby must also be considered, since an immature infant with a rapidly rising bilirubin, with the critical level reached by the fourth day, should usually be transfused without delay, as the level is likely to continue to rise up to the sixth day, by which time signs of kernicterus may appear. In the more mature infants of 36-40 weeks, the level is likely to fall after the fourth day, so that unless early symptoms of kernicterus are present the usual procedure is to repeat the bilirubin determination twelve hours later and to defer treatment if there is no change in the level or in the clinical condition. The bilirubin estimation is then repeated twelve-hourly, and exchange transfusion is only performed if there is a rise in bilirubin or minimal deterioration in the clinical condition. In this series of treated cases, most of the infants showed increasing lethargy prior to transfusion; 2 were considered to show some rigidity and 1 vomited twice, but none showed the fully developed clinical picture of kernicterus.
This paper is mainly concerned with the follow-up of 36 treated cases in premature infants (3 cases treated in the last six months are excluded as the period of follow-up is as yet too short), but during the period of this study 10 infants in whom the level of bilirubin reached 25 mg. % or more on one estimation were not transfused and these have also been followed up.
The necessity for or value of the treatment may be assessed by three methods:
(1) Review of the previous morbidity and mortality rates from kernicterus and comparison since the introduction of treatment.
(2) A close follow-up study of the treated infants.
(3) A comparison of the treated infants with matched controls. All these methods have been attempted.
In the seven years prior to this study, 1948 to 1954 inclusive, there were approximately 70 deaths from kernicterus of prematurity out of a total of 25,279 live births in hospital, a mortality rate of approximately 2*7 per 1,000. From 2,599 premature infants born or nursed in our premature unit during the same period there were 37 known cases of cerebral palsy among the survivors; of these 10 were definitely cases of neonatal kernicterus.
Since the introduction of treatment there have been 3 deaths in which kernicterus was present at post-mortem. These babies were admitted to hospital after birth and died on the third or fourth day with either severe respiratory or cerebral symptoms which were present from birth; minimal bile staining was present in the basal ganglia. All these babies were too ill to be transfused, but one was a twin of a baby in the treated series. There have been no cases of the typical variety of athetoid cerebral palsy in surviving transfused premature infants during this period, and no deaths following transfusion.
Complete development quotients have not been performed, but a standard type of examination that can be applied by the pediatrician in an out-patient clinic is used for all premature infants. These are first examined at the follow-up clinic at three months, then six-weekly till 6-7 months, and two-monthly till 1 year. Subsequently three-monthly examinations are made unless an abnormality is suspected when the children are seen more frequently. As the sites of cell damage in kernicterus are the basal ganglia, Ammon's horn, and the nuclei in the floor of the fourth ventricle, particularly the cochlear nucleus, the examination has concentrated on development of locomotion, hearing and speech.
The tests applied have been those associated with the normal development of locomotion, i.e. age of rolling from supine to prone, sitting unsupported, crawling and walking. Simple tests of hearing are carried out at each examination, particular emphasis being placed on the child's reactions to human speech and other familiar sounds. The development of speech from the stage of cooing and babbling to the achievement of sentences is noted. As the survey has only continued for two years and nine months the children are still too young for accurate audiometry and although it is possible to detect partial deafness at this early age, some degree of high frequency deafness cannot be definitely excluded until speech has fully developed or accurate audiometry can be performed.
RESULTS
In a total of 1,214 premature infants passing through the 2 maternity units from August 1955 to December 31, 1957, 36 premature infants have been treated, an incidence of 3%, which compares with the maximum yearly incidence of kernicterus in premature babies of 4-1 % found by Crosse et al. (1955) . All these infants have been followed up for longer than six months. Table I shows their present ages. There was one transfused infant in each of 3 pairs of twins; in one pair, the other baby died at 3 days with kernicterus and was considered too ill to treat. In the other 2 pairs, the untreated babies did not develop significant hyperbilirubinmmia. One infant had an older sibling, a premature infant, who had survived severe hyperbilirubinmmia and was left with residual mild spastic diplegia. None of these infants had any evidence of blood-group incompatibility. The distribution of the treated babies by birth weight and maturity groups is shown in Table II . Table III shows subsequent developmental progress. The general physical condition of all the children is satisfactory except for one child from a rather poor home who is moderately underweight and has had recurrent respiratory infections. One child appears backward with speech but she hears and has good comprehension of language and obeys spoken commands; she is the child of a very over-anxious mother, a sick children's nurse, and her lack of speech appears to be due to negativism. One child appears to be backward in locomotion and only sits unsupported at 14 months but there is no evidence of spasticity and he is still too young to define him as outside the limit of normal in view of his immaturity at birth (31 weeks). All those children who walk do so normally for their age, and all appear to use their hands normally, and are feeding themselves with spoon and cup before 2 years. One child who was well and seemed normal on discharge from the premature unit died from an acute respiratory infection two months later. One child has not been seen as she failed to attend for follow-up since 3 months old; a report from a relative states that she is a very normal child now aged 21 years, who runs about and talks.
Those children who have reached the age of 2 years have been compared with matched controls. The controls are premature babies who had maximum serum bilirubin less than 15 mg. % and have attended the follow-up clinics regularly and been examined in the same way. They have been matched for sex, birth weight, approximate maturity, singletons have been matched with singletons, and twins with twins. All have been free from serious disease or malformation. There do not appear to be any differences between the treated babies and the comparable controls.
An attempt has also been made to follow up the 10 babies who were not transfused. One of these has left the district and cannot be traced. One child is quite severely deaf and one has severe athetoid type of cerebral palsy and deafness. The other 7 appear to be normal healthy children.
Conclusion.-Replacement blood transfusion appears to be a satisfactory treatment for hyperbilirubinwmia of prematurity and the prevention of death and clinical signs of kernicterus in the neonatal period. A follow-up study shows that no cerebral palsy or gross deafness has followed in treated cases. All infants who are old enough to assess appear to be developing speech and locomotion normally, but none is yet old enough to ,exclude the presence of slight high frequency deafness. Criteria for the treatment are difficult to determine but stress should be placed on clinical judgment of the individual case as undoubtedly some infants with hyperbilirubinmmia recover undamaged. Careful observation of the clinical condition and repetition of bilirubin estimation are essential in doubtful cases but even so it is possible that too many cases have been transfused.
Heart Failure in nfants By K. SIMPSON, M.D. 50 cases of heart failure in infants, admitted to hospital under Dr. John Apley, were reviewed to determine early signs of failure and to assess the incidence of respiratory infection.
The reason for referral was noted in 40 cases. Although 26 of these were in failure when they were first seen, a diagnosis of heart failure was made in only one case before admission. In two-thirds of the cases heart disease had not previously been suspected, diagnoses implying respiratory disease or feeding difficulty being made.
Final diagnoses.-In 10 infants (20%) no congenital cardiovascular anomaly was detected:
6 infants developed heart failure with acute pulmonary infection; in 4 infants failure was associated with a cardiac arrhythmia.
In 40 infants heart failure occurred with congenital heart disease. 19 of these infants had lesions for which operation offers, or may soon offer, a reasonable prospect of improvement or cure (ventricular septal defect, patent ductus arteriosus, pulmonary stenosis, coarctation of aorta, tetralogy of Fallot); 14 (73%) recovered from heart failure.
Clinical features.-Enlargement of liver (liver edge at least 3 fingerbreadths below the right costal margin, or liver diminishing in size after treatment): present in 40 infants. Tenderness of the liver was definitely present in a few infants.
Respiratory disturbance (respiratory rate at rest at least 60 per minute, and/or obvious difficulty in breathing on feeding or crying): present in 42 infants Tachypnoea at rest was an early sign of cardiac failure and often preceded definite hepatomegaly by many hours, the respiratory rate rising rapidly and progressively. In early heart failure tachypncea was not accompanied by pulmonary rales and pulmonary aeration was good. Because of the frequency of lesions producing left-to-right shunts and pulmonary engorgement (e.g. ventricular septal defect), tachypna developing early in heart failure was not often helpful in detecting purely left-sided heart lesions.
Cardiac enlargement (a clinical assessment based on increased transverse cardiac diameter, prmcordial bulging, and thrustful substernal pulsation) was found in 27 infants. A heart which clinically seemed normal in size did not exclude the possibility of failure.
Venous distension was seen in 14 infants. Jugular venous distension was rarely visible, though in 2 infants it was noted and preceded enlargement of the liver. Distension of veins on the back of the hand or in the scalp was marked in some infants. Venous distension was frequently associated with subcutaneous cedema.
(Edema: Indisputable cedema was present in 12 infants. In 5 of these heart failure was not associated with congenital heart disease, and all recovered. The remainder, who had congenital cardiac anomalies, died. R&les were heard in 27 infants. When tachypncea is associated with fever or with pulmonary riles in an infant who has congenital heart disease, the differentiation of heart failure from respiratory infection is extremely difficult, and the two frequently coexist.
Of 27 infants in whom ra.les were heard 6 were thought to have no evidence of infection, the rales in the latter were confined to the pulmonary bases. Basal riles were heard in one other infant in whom there was radiological evidence of bronchopneumonic infection. In the remaining 20 infants, all of whom were considered to have an infection, rales were heard throughout both lungs, or were localized to one or more lobes, and were often accompanied by rhonchi. In 15 of these infants radiological evidence of pulmonary collapse or consolidation was found.
Other observations.-Urinary output is difficult to assess in small sick infants. Oliguria was apparent in infants who developed cedema. Gallop rhythm was observed in 2 cases (aberrant left coronary artery and endocardial fibro-elastosis). Pulsus alternans was found once during a bout of paroxysmal tachycardia. Blood pressure recordings were not helpful in diagnosis of heart failure and may be within normal limits in cases of coarctation of aorta with heart failure.
